This paper exposes and validates a methodology based on a classical hydraulic model (Saint-Venant equations) to design efficient automatic controllers for an irrigation canal pool. The method is applied on a laboratory canal located in Portugal. First, the full nonlinear hydraulic model is calibrated, using a single steady-state experiment, then it is validated on other hydraulic conditions. The control model is obtained by linearizing the Saint-Venant equations and using a numerical method to compute the frequency response of the system. Simple controllers are designed and analyzed using the linearized models. The experimental results show that such a method is able to accurately predict the closed-loop system behavior in terms of stability, robustness and performance. r
Introduction
Irrigation is the main water consuming activity around the world, as it represents about 80% of the available fresh water consumption. However, a large part of the water consumed for irrigation is wasted due to poor management of irrigation systems. The article focuses on the management of open-channel irrigation canals, that are used to convey water from the resource (generally a dam located upstream) to the users (farmers irrigating their cultures).
Water demand for irrigation varies with time, due to the variable water needs of the cultures. To avoid overflows and satisfy water demand, the open-channel system needs to be operated in order to maintain water elevations and supply desired flow rates at specific locations. Automatic control techniques could lead to a better efficiency of the water management of irrigation canals (Plusquellec et al., 1994) . This necessitates a control infrastructure, generally using water level measurements and operating motor-driven gates.
The vast majority of methods proposed in the literature and applied on real canals are based on the classical linear control theory (Malaterre et al., 1998; Weyer, 2002 and references therein). More recent approaches consider the distributed feature of the system (see de Halleux et al., 2003 and references therein) , and use a nonlinear model (Dulhoste et al., 2001 ). In the classical linear approach, the underlying hypothesis is that a canal which has nonlinear dynamics can be controlled with a linear controller. This implicit statement is similar to the classical gain-scheduling rule (see Rugh and Shamma, 2000; Leith and Leithead, 2000; Fromion and Scorletti, 2003) , successfully used in practice (e.g. aircraft, missile, nuclear power plant, etc. 
